Amyloid deposition in the kidneys and other organs represents an intriguing anomaly. The whole problem, with a discussion of so-called primary and secondary amyloidosis, has been fully reviewed in recent years (Symmers, 1956) .
Amyloidosis occurs secondarily to a variety of chronic diseases, in particular those with chronic suppuration, but also in association with such conditions as rheumatoid arthritis and multiple myelomatosis. Since the introduction of many potent antimicrobial agents, such chronic infections are becoming uncommon, and a higher proportion of cases of secondary amyloidosis will be found in association with other conditions. The association of amyloid with rheumatoid arthritis is the most striking. Fingerman and Andrus (1943) 
(1 urine specimen, (1954) claimed an incidence of 60 per cent. in autopsy material. Fearnley and Lackner (1955) made a clinical diagnosis of amyloid in eight of 183 patients with rheumatoid arthritis seen during a single one-year period. In 220 successful renal biopsies, eleven cases of amyloid infiltration have been found. This surprisingly high incidence has led us to document these patients. Apart from questioning the generally held belief that amyloid disease is now a rarity, some interesting problems are posed by the long interval in some cases between establishing the presence of amyloid infiltration of the kidneys and any possible causative underlying disease.
Brief clinical histories are given below. 1954 February: He started treatment with streptomycin and isoniazid.
December: Left thoracoplasty was performed, and proteinuria was noticed post-operatively.
1955 July: He had a further operation after which proteinuria increased. The blood pressure at this time was said to be slightly raised.
1957 March: The blood pressure was 135/80mm. Hg; there was no proteinuria.
December: He was referred to another hospital because of proteinuria. At this time the blood pressure was 150/100 mm. Hg; there was slight ankle oedema and old thoracoplasty. There had never been any micturition symptoms, nor any nocturia. There had been no discharge at any time from the operation site.
1958 January: He was admitted to hospital. Examination.-He was a rather thin but healthylooking man. There was no oedema and no clubbing. The venous pressure not raised. The blood pressure was 180/96 mm. Hg. The urine contained large quantities of protein with a few white cells and epithelial cells in the sediment.
Since the renal biopsy (February, 1958) he has remained fully active; there has been no deterioration in renal function up to July, 1959, although proteinuria still persists.
Case 5, a female aged 46.--In 1942 (at age 30) the patient started having joint pains, affecting the shoulders, wrists, hands, and knees. She received physiotherapy with only slight improvement. In 1954 the symptoms became considerably worse and she presented the typical appearances of rheumatoid arthritis. For the following year she had monthly injections of bismuth but the arthritis continued to progress. In January, 1958, she developed an erythematous rash on the face. No L.E. cells were found in the peripheral blood and the urine was said to be normal. She was started on chloroquine therapy, which was continued until October, 1958. In September, 1958, proteinuria was found for the first time.
Examination (November, 1958) .-She was small and wasted with gross limitation of many joints and typical rheumatoid appearance of the hands. The blood pressure was 130/80 mm. Hg. There were no abnormal physical signs in any other system.
Following renal biopsy in November, 1958, she has shown some deterioration in her general condition, although there is some diminution in proteinuria.
Case 6, a male aged 60.-In November, 1958, he developed bronchopneumonia which was treated with penicillin and tetracycline. A heavy proteinuria was found and because of this he was admitted to hospital. In 1953 he had been in another hospital with a chest infection and proteinuria had been noted at that time; there had been no urine examination between that time and the recent illness. At no time had there been any history of swelling of the legs or any other part of the body. In 1917 (at age 17) he had sustained a gunshot wound of the left knee with local bone infection; arthrodesis of the knee was performed and he was discharged after 9 months. There has been no trouble with the knee since that time.
Examination.-He was healthy looking. There was an old arthrodesis of left knee with healthy scars above the knee joint, and no evidence of a discharging sinus. The blood pressure was 120/80 mm. Hg. There was no oedema. X-rays showed arthrodesis of the left hip and distortion of the lower femur, but no evidence of sequestra. There was no pulmonary lesion.
Since the stay in hospital from November, 1958, to January, 1959, when renal biopsy was performed, there have been several episodes of oedema, but when he was last seen in October, 1959, he was well and showed no oedema. There has been no rise in blood pressure but proteinuria persists unaltered.
Case 7, a male aged 38.-In 1931 (at age 10) he had osteomyelitis of the right hip, which was drained surgically; the acute lesion subsided and a bony ankylosis of the hip joint occurred. There had been no further evidence of any active bone lesion at any time, but although the joint was mobile, the position was bad and in August, 1955, a subtrochanteric osteotomy was performed. Since that time mobility has been excellent and he has been able to run and ride a bicycle. Ever since discharge from hospital at the age of 13, following the episode of osteomyelitis, there have been periodic episodes of asthma. In 1949 he had a severe attack of persistent diarrhoea and ulcerative colitis was diagnosed. He remained in hospital for 3 months and made a good recovery. In 1951 there was a further attack of ulcerative colitis which again cleared up with rest in bed. In October, 1957, there was a further severe recurrence of ulcerative colitis and he was treated for 3 months with cortisone, at first 150 mg. and subsequently 100 mg. daily. While taking cortisone he suddenly developed gross oedema which was affected neither by stopping the cortisone, nor by mercurial diuretics. There is no record of any urine test at that time. In August, 1958, there was an attack of right lower lobe pneumonia, which resolved rather slowly. In October, 1958, he had herpes zoster in the right second lumbar region and he was admitted to hospital on December 3, 1958, with fever and evidence of a right lower lobe pneumonia.
Examination.-He was a rather small pale man, febrile, with tachycardia and dyspnoea, and moderate oedema up to the knees. The blood pressure was 130/80 mm. Hg. There were crepitations and poor air entry at the right base. The right hip was ankylosed, but painless, with no evidence of any discharging sinus.
Heavy proteinuria was present.
Following renal biopsy on February 4, 1959, he has kept very well and has been doing full work. The blood pressure has not risen, the plasma protein pattern has improved, and proteinuria has diminished from approximately 1 g./100 ml. in January, 1959, to 200 mg./100 ml. in November, 1959 . At this time the maximum urinary specific gravity was 1,030 and the blood urea 40 mg./ 100 ml.
Case 8, a male aged 59.-He had an attack of pneumonia as a child and had always been liable to coughs and colds and general ill-health since that time. During the 1914-1918 war he was gassed; this was not followed by any marked deterioration in health. In 1942 he had an attack of pneumonia and ever since this time had had recurrent episodes of chest infection, and moderate amounts of yellowish sputum almost continuously. Examination and culture of sputum have been repeatedly negative, and there was no history of any pleural involvement. He was admitted to hospital in April, 1959, with an exacerbation of his chronic symptoms.
Examination.-He was fairly well-looking, and not cyanosed. There was clubbing of fingers and toes, but no oedema. The blood pressure 100/65 mm. Hg. There was markedly diminished movement of the left chest, and generalized rales over the left lung. X-ray of the chest showed diffuse cystic bronchiectasis. The urine contained large amounts of protein varying from 5 to 14 g. per 24 hrs. Proteinuria had been discovered in January, 1959. No follow-up has been possible since the renal biopsy on April 17, 1959.
Case 9, a male aged 54.-For 20 years the patient had had repeated episodes of vague abdominal discomfort, lasting about 10 days and recurring 2 or 3 times a year. The episodes were not usually associated with vomiting, diarrhoea, or constipation, nor with any severe pain. He was admitted to hospital on May 19, 1959, following a similar episode, in which abdominal pain was associated with vomiting and diarrhoea. This attack passed off after 3 days. Never at any time had he complained of any micturition symptoms. Apart from some tightness of his shoes during the last 6 months, there had been no other significant symptoms.
Examination.-He was an alert and healthy-looking man. There was slight oedema of the ankles, the venous pressure was not raised, and the blood pressure 160/110 mm. Hg. There were no other abnormal physical signs. The urine contained considerable quantities of protein.
Following renal biopsy in May, 1959, he has remained fairly well. Some oedema of the legs has been present and proteinuria persists. 
Pathological Findings
Renal biopsy was performed and sections prepared as described in a previous publication (Joekes. Heptinstall, and Porter, 1958) . this site in every case, involving every glomerulus in the specimen in nine out of the eleven biopsies. The earliest change consisted of small thickenings of the capillary basement membrane, sometimes affecting many. At a later stage the thickenings were larger and more nodular, the nodules having a "soft" diffuse eosinophilic appearance (Fig. 1) . In some cases the nodules were more compact and bore a great resemblance to the nodules seen in diabetic glomerulo-sclerosis but differing in that they gave a strongly positive reaction for amyloid. A more advanced form of change consisted of small reduced tufts with few nuclei and showing either ghosts of basement membranes which stained for amyloid in a rather patchy way or small clumps of amyloid. This weakening and disappearance of staining reactions for amyloid in severely affected glomeruli has been noted by Fahr (1925) and Noble and Major (1929) . These atrophic tufts frequently showed a surrounding mantle of collagen (Fig. 2) . One case showed a pronounced diffuse amyloid thickening of the capillary basement membranes, which in places was so extreme as to obliterate the capillaries (Fig. 3,  overleaf) . The glomeruli in this case showed large amounts of stainable lipid in areas which also stained for amyloid. Tubular changes were surprisingly slight compared with the glomerular damage. In only three cases was there severe tubular loss and in one of these practically all tubules had disappeared (Fig. 4, overleaf) .
In biopsies with less severe tubular loss there was either atrophy or disappearance of proximal convoluted tubules related to severely involved glomeruli. Atrophic tubules lined by a flattened type of epithelium and containing rounded eosinophilic casts were frequently found and when these were numerous the appearance was reminiscent of the changes seen in chronic pyelonephritis. In two cases in which frozen sections were prepared, lipid was present in proximal convoluted tubules. The casts gave negative staining reactions for amyloid.
The arterioles and small arteries of all cases showed thickening in which amyloid could be demonstrated. In the least severely involved vessels the amyloid was deposited in the media and adventitial coats. There was no correlation between the amount of amyloid in arteries and the amount in glomeruli. It was slight in the vessels in two cases with extensive glomerular change, and of the two cases with the greatest amount of arterial amyloid one was that with the least severe glomerular change of the whole series. Intimal arterial thickening of either elastic or fibrous type was common.
The interstitial tissue showed increased fibrosis in cases with the most extreme tubular loss, and lymphocytes were often found. In six cases in which the biopsy included medulla, there was amyloid deposition in and around capillary walls and to a lesser extent in tubular basement membranes. The case with the most extensive amyloid in the medulla was one of the two with the most severe vascular amyloid and the one with the least glomerular amyloid of the series.
Discussion
The pathological changes conform to previous descriptions (Bell, 1933) , and very little can be added. It is of interest, however, that Case 9 showed extensive deposits of lipid stainable with Oil Red 0 in those parts of the glomeruli which contained amyloid. Most descriptions of the staining properties of amyloid indicate that there is no lipid content (Wagner, 1957; Braunstein and Buerger, 1959) , and although Symmers (1956) referred to abundant finely dispersed sudanophil lipid occurring in some amyloid deposits, the amount in the present case was striking. This particular case was one in which there was no antecedent history of any of the diseases usually associated with amyloid.
Several points of interest were noted in these patients. Hypertension was seen more commonly than has been described in previous series of patients with renal amyloid involvement. Rosenblatt (1933) , in 87 cases, never found the systolic blood pressure over 140 mm. Hg, and Dixon (1934) found systolic blood pressure over 150 mm. Hg in only four out of 35 cases. In patients with renal failure and amyloid infiltration, Mark and Mosenthal (1938) found a raised blood pressure in only three out of twenty cases. Before the use of specific therapy for infections such as tuberculosis and osteomyelitis, the presence of amyloid infiltration is likely to have occurred with persistent infection. The metabolic complications of long-standing infection may prevent the development or maintenance of hypertension, and it is possible that the patients in the present series showed a greater incidence of hypertension which was due to their relatively good general condition.
Amyloid renal involvement is always listed as a cause of the nephrotic syndrome. At the time of renal biopsy all the patients had proteinuria, in some exceeding a loss of 10 g. per 24 hrs. Nevertheless, only four patients had oedema at any time, and in only two was this more than slight. The plasma albumin concentration was not markedly reduced except in Cases 6 and 7, nor was the plasma cholesterol usually raised, exceeding 300 mg./100 ml. in only one patient. In two patients (Cases 1 and 4) proteinuria had been known to be present for 8 and 3 years respectively and yet no oedema had been present.
In one patient (Case 9) there was no history or evidence of any underlying disease and a presumptive diagnosis of primary amyloidosis was made. In the other ten cases there was a history of osteomyelitis in five, of pulmonary tuberculosis in two, of chronic purulent bronchiectasis in two, and of rheumatoid arthritis in one. The association of amyloid infiltration with these conditions has been well documented in the past and is not reviewed here. In both patients with bronchiectasis (Cases 8 and 11), recurrent infection persisted, and in Case 5 the rheumatoid arthritis was active and progressive. In Case 4 there had been no evidence of active tuberculosis for 3 years, and in Case 10 for 10 years; it is, however, not possible to exclude the presence of small caseating foci. In Case 3 active osteomyelitis had been present up to a few months before renal amyloidosis was shown by biopsy. In the other four cases with a past history of osteomyelitis the interval between the last evidence of activity and the proof of the presence of renal amyloidosis by biopsy ranged from 8 to 40 years. In Case 7, however, there was a history of ulcerative colitis during a period of 2 years up to one year before the renal biopsy, and this may have resulted in the renal amyloid infiltration, although evidence from the literature for amyloidosis complicating ulcerative colitis is very sparse. In Case 6 there was no evidence of any infection or necrosis in the wounded knee for 40 years, nor had there been any major illness during this time. Although this patient had been admitted to hospital for minor illnesses on several occasions, proteinuria was not found until some months before the renal biopsy. It is impossible to say whether the old knee wound and the amyloid deposition are causally linked, but long intervals of apparent inactivity of the bone lesion before the finding of renal amyloid are present in other cases. In view of this and of the well-known association between osteomyelitis and amyloidosis, it is difficult to discount the old injury as the cause for the amyloidosis in Case 6. Brouet, Chrdtien, and Legrain (1958) described two post mortem cases of pulmonary tuberculosis with renal amyloid infiltration in which proteinuria was absent in life, and another similar patient in whom proteinuria was only intermittently present. The apparent absence of proteinuria for long periods after any activity in an underlying lesion in the patients in the present series cannot be taken as evidence against renal amyloid infiltration. It may be possible that once amyloid deposition has started in the kidneys there may be progression, although there is no longer any active underlying lesion. The rate of progression must, however, be slow in these patients and of quite a different order from that in the patient described by Muehrcke, Pirani, Pollak, and Kark (1955) , in whom the degree of amyloid infiltration, as judged by repeated renal biopsies, progressed markedly in the space of one year and the urea clearance fell from 46 ml./min. to 2 ml./min.
The 
